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Abstract 
The article deals with the perspectives of producing heat-resisting materials on the base of serpentine rocks (a by-product of 
asbestos production) and the factors preventing it. The section “Materials and methods” describes the methods used in the work 
and the characteristics of materials. The influence of orthophosphate acid concentration on strength, water resistance and heat 
resistance of magnesium phosphate cements are estimated. The concentrations of the acid providing the maximum limits of 
bending and compression strength are identified herein. The resistance of elaborated material to the influence of high 
temperatures and its water resistance are estimated herein. The phase composition of the developed material is defined and the 
article proves that there is no harmful gas emission at heating in the studied compositions. We showed the benefits of the 
scientific direction and research in this area. 
© 2016 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
It is well-known that magnesium phosphate cements have a unique combination of qualities: high-enough 
resistance (more than 10 MPa), heat resistance (retained strength over 800 °ɋ is not less than 70 %) at the increased 
water resistance (more than 0.7 at the softening factor), that allows their usage for different purposes [1-6]. In 
particular, such materials are promising to be used in construction of the premises with high and variable humidity, 
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for fire exits and fireproofing of bearing constructions [7]. However the magnesium phosphate cement as a 
representative of binding agents produced by thermal treatment [8] has the main drawback connected with high cost, 
therefore it makes the issue of producing unburned binding systems vital. Among the problems of magnesium 
phosphate cements there is a short setting time when using an active magnesium oxide which in practical terms 
immediately reacts with the orthophosphate acid with the emission of great amount of heat, warming up the mixture 
over 100 °ɋ, and the speed of reaction significantly exceeds the speed of structure formation and it highly 
complicates the production of magnesium phosphate pieces [9, 10]. One of the ways to solve these problems is to 
use unburned magnesium rocks [10-12]. The brucite, magnesite and dolomite also react very fast with the 
orthophosphate acid with the emission of a big quantity of heat and gases (water vapor and carbon dioxide), which 
prevents from receiving a material on their base [13, 14]. The compositions on the base of nature magnesium silicate 
have an acceptable speed of reaction that made their compositions with the orthophosphate acid the subject of this 
research. 
The aim of research is to identify the possibility of using nature magnesium silicates to produce materials with 
high water resistance and heat resistance. 
2. Materials And Methods 
In the research we used the orthophosphate acid of 70 % concentration, which was diluted with water to get the 
needed concentration. 
As a mineral powder in the cementing composition there has been used a fine-grained serpentine from the 
Kiembayev deposit (the main mineral serpentine with brucite) that is a by-product in the production of asbestos and 
is a powder of grey color with the degree of fineness in the sieve residue ʋ 02 from 8 to 10 % [15-18]. 
The methods of testing are presented in [Table 1]. 
Table 1. Methods of testing. 
Type of testing Method of testing 
Normal consistency, setting time, soundness, bending and compression strength TOR 5744-001-60779432-2009 
Heat Resistance GOST 20910-90 
Water resistance GOST 310.3 
Differential thermal analysis (DTA) On derivatograph “Luxx STA 409” 
3. Results 
To achieve the set goal there was planned an experiment, scalable factor – concentration of the orthophosphate 
acid. The orthophosphate acid of the required concentration was added to the granulated serpentine, it was carefully 
mixed within 3 minutes and then we produced the samples – cubes 7x7x7cm out of the received mixtures with 
normal thickness and identified the ultimate bending and compression strength at different time limits of normal 
stiffening, heat and water resistance in 28 days (GOST 20910-90. Refractory concretes. specifications). The 
received results are presented in [Table 2]. 
Analyzing the data given in Table 2 we can make a conclusion that the serpentine and the orthophosphate acid 
are able to create high strength compositions in the result of their interaction. In these conditions the maximum 
bending and compression strengths are increasing together with the growth of the acid concentration, apparently it is 
connected with the increase of the fullness of the reaction behavior. At high acid concentrations the composition has 
high strength that allows production of construction materials on its base. The water resistance index of all received 
compositions is over 0.8 and it characterizes them as water resisting. With the change of the concentration of the 
orthophosphate acid the water resistance of materials does not change significantly. 
After identifying the heat resistance the samples of all compositions except 60% have the retained strength over 
70% and it corresponds to the I8 grade (GOST 20910-90. Refractory concretes. Specifications). Thus, at gauging the 
serpentine with the orthophosphate acid it is possible to produce a heat-resistant material with high strength, it is 
connected with the formation of a magnesium phosphate.  
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Table 2. Summary table of  testing results. 
Characteristics Serpentine + Orthophosphate acid … concentration 
30% 40% 50% 60% 
Bending Bending Bending Bending 
Normal consistency, % 46.00 52.00 52.00 55.00 
Initial set, min 42 52 64 290 
Final set, min 116 147 206 More than 1 day 
Compression 
strength, ɆPa 
3 days 3.20 3.10 8.37 0 
7 days 4.0 4.22 9.74 15.28 
28 days 5.22 5.91 16.67 29.94 
Water resistance index 0.85 0.82 0.86 0.87 
Retained strength over 800 °ɋ, % 36.4 -15.4 -26.8 -34.2 
However, with the increase of the acid concentration the strength and heat-resistance decrease, that it is 
connected with the phase composition of the received samples: the singly - substituted magnesium phosphate 
MgH2PO4 have the biggest stability at high temperatures, magnesium phosphates are produced at low acid 
concentration in the mixture. Whereas at high stiffness of the acid (respectively low pH=6-8) twice – and triple – 
substituted phosphate (MgHPO4 ɢ Mg3(PO4)2) are produced and they have low thermal stability [19]. It is proved 
by the results of the thermal analysis (Fig. 1). 
 
Fig. 1. Thermogram of the composition “serpentine + orthophosphate acid of 30% concentration” 28 days of hardening. 
In the given thermogram of the serpentine phosphate rock there are effects of a singly – substituted magnesium 
phosphate Mg(ɇ2ɊɈ4)23H2Ɉ, which fully dehydrates at 190 °ɋ with the formation of magnesium pyrophosphate 
Mg2P2Ɉ7; at 660-680 °ɋ there is emission of chemically-bound water and the demolition of crystal grid of 
serpentine, which is the evidence of a full reaction of the acid and it is not enough for a complete interaction with 
the serpentine. The peak at 719.1 °ɋ corresponds to the crystallization of magnesium pyrophosphate from 
amorphous phase, and at 834.4 °ɋ – the crystallization of forsterite [19, 20]. 
At that the serpentine phosphate rock on the interval up to 1000 °ɋ loses only water. It means that in the 
investigated composition there is no emission of harmful gazes at heating. 
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4. Conclusion 
During the work it was determined that on the base of serpentine and the orthophosphate acid it is possible to 
produce a water- and heat-resistant construction material. To produce such material it is promising to use industrial 
by-products, it decreases the prime cost of the final product and positively affects the ecological situation. The only 
technological conversion to provide the reaction between serpentine and the acid is grinding. This research work 
showed the long-term benefits of the scientific direction and investigation in this area. 
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